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THREE abundant marsupial herbivore species in Tasmania are the Bennett's or red-necked wallaby (Macropus rufogriseus), red-bellied pademelon (Thylogale billardierii), and common brushtail possum (Trichosurus vulpecula). Despite the common status and wide distribution of these herbivores (Rounsevell et al. 1991) , information on their ecology, including their home range, within either natural or modified Tasmanian environments, is relatively limited.
The Bennett's wallaby (M. r. rufogriseus) is the nominate sub-species of the mainland red-necked wallaby (M. r. banksianus), while T. billardierii became extinct on mainland Australia, and is now restricted to the landmass of Tasmania and its large off-shore islands. M. rufogriseus and T. billardierii are sexually dimorphic, essentially nocturnal, solitary and generally classed as grazer/mixed-feeders and mixed-feeder/browsers respectively, eating mostly grasses and forbs (Sanson 1989; Calaby 1991; Johnson and Rose 1991; Sprent and McArthur 2002) . Information on their home ranges is scarce (e.g., Johnson 1978; Mooney and Johnson 1979) .
Tasmania's common brushtail possum (Trichosurus vulpecula fuliginosus) is a sub-species of that found on mainland Australia. Tr. vulpecula are nocturnal, solitary animals and are generally classed as arboreal generalist folivores (Freeland and Winter 1975; Kerle 1984) , although in Tasmania they spend more time at ground level than their mainland counterparts (Statham 1984) . Across studies in various environments, the average home range size for Tr. vulpecula has been estimated as 5.4 ha and 2.4 ha for males and females respectively in eastern Australia, and 1.9 ha and 1.3 ha respectively in New Zealand (Green 1984) . As home range can be affected by food availability and quality (Harestad and Bunnell 1979; McNab 1983) , information from 184 these studies cannot necessarily be extrapolated to other environments.
The aim of this study was to estimate and compare home ranges of these three species as they co-occur within a forestry landscape in Tasmania. This landscape is a mosaic of eucalypt plantations interspersed with native forest and grasslands. Specific questions that were also addressed were: (1) between species, did home range size increase with body-mass; and (2) within species, did male and female home range size differ? Home range size is also compared with previously reported values for these species.
METHODS

Study site
The 770 ha study area was located in Gunns Ltd's (formerly North Forest Product's) 'Surrey Hills' Tree-farm in north-west Tasmania (41° 28' S; 145°4 8' E). A mosaic of five habitats dominated this site ( Fig. 1): (1) a prepared forestry plantation site (18 ha) with relatively high weed cover, planted in November 1997 with Eucalyptus nitens seedlings (approximately 20 cm in height), hereafter referred to as the 'young plantation'; (2) older plantations (436 ha) of E. nitens trees of age 5 -7 years, height approximately 5 m; (3) grassland (78 ha); (4) native forest (224 ha) comprising rainforest and wet eucalypt forest; and (5) harvested uncleared land (14 ha) that consisted of scrub and fallen vegetation.
Radio-collared animals
Macropods were caught using two methods: (a) trapping animals in a large fenced area (20 m diameter, fenced with netting 1.8 m high) on a grassland approximately 75 m north-east of the young plantation, and (b) dart-gunning animals on the young plantation. Possums were caught using Mascot cage traps and small wallaby traps (design based on Pollock and Montague 1991) positioned around windrows (piles of wood debris) on the young plantation and near large trees and stags within nearby native forest. Animals were lightly anaesthetised using Zoletil (tiletamine hydrochloride and zolazepam hydrochloride) during radio-collar attachment (7 mg.kg -1 for dart-gunned macropods, 4 mg kg -1 for trapped macropods and 2 mg kg -1 for possums). Animals were released at the site of capture within 6 h of being caught.
Six M. r. rufogriseus (4 ♂ and 2 ♀), six T. billardierii (3 ♂ and 3 ♀), and six Tr. v. fuliginosus (2 ♂ and 4 ♀) were each fitted with a single-stage radio-transmitter (Sirtrack Electronics, New Zealand) attached to a leather collar. Each transmitter emitted a unique frequency between 150-152 MHz.
Transmitter signals were detected from receiving stations using an Automated Telemetry Services receiver and a directional, null-peak design antenna mounted on a 6 m metal frame, housed within a caravan. Three receiving stations ('towers') were located approximately 1.9 km apart, in an equilateral triangle around the centre of the study site on local high points.
Accuracy of the telemetry system was tested using 163 test point locations. Test points were located at predetermined sites that represented a range of directions and distances from towers, vegetation types and topographic features (Lee et al. 1985) . Transmitters were attached to wooden stakes to mimic wallaby neck height (≈ 1 m high). Mean tower bearing errors (± s.e.) for triangulated fixes were: -1.05° ± 0.32 (n = 159), 0.21° ± 0.31° (n = 161) and -1.04° ± 0.35° (n = 148). Mean linear error (± s.d.) of the triangulation system was 66 m ± 53 m, (n = 135), which represented < 5% of the average distance between towers (le Mar 2002).
Data collection
Radio-tracking data were collected during eight sampling periods (May 1997 -March 1998 , approximately four weeks apart. Each sampling period comprised nine 12-hour data collection sessions conducted over 17 days. Sessions were classed as 'dark' or 'light'. Dark sessions commenced 1 h before sunset and ended 12 h later. Light sessions consisted of the 12 h not sampled during the dark sessions. Six dark sessions and three light sessions were conducted each sampling period. Emphasis was placed on dark sessions, as the three species are essentially nocturnal (Strahan 1991). During each 12 h data collection session, 5 -6 animals and at least one control point were located every 45 min. Control points comprised transmitters located at known points on the young plantation, used to detect variations in radio-waves due to inclement weather, equipment problems and/or human error. Position data were collected as magnetic bearings from each of the three towers to the animal. Locations of the towers were known to ± 1 m. Bearings were read to the nearest 0.5° from a compass rosette that rotated with the mast supporting the antenna. Transmitters attached to animals were tracked simultaneously by a tower operator in each of the three receiving stations. A fourth person was in radio contact with the three tower operators to coordinate tracking activities and map bearings as they were collected, to eliminate back-bearings (MacDonald and Amlaner 1979).
Calculating home range
Magnetic bearings were adjusted for control point data, converted to grid north and corrected for individual tower bias. Before triangulation, data were checked for non-intersecting bearings using the software package Location Of A Signal (LOAS). Data with three intersecting bearings were triangulated using the Maximum Likelihood Estimator in the software package Location Of A Signal (LOAS, ESS 1999) . If two of the three bearings were parallel, or only two null signals had been collected, data were biangulated using the Best Biangulation Estimator in LOAS (ESS 1999) . Once x and y coordinates were estimated for each data point, the files were imported into ArcView (ESRI 1996) , mapped and analysed.
Home ranges were calculated using two estimators: (1) Minimum Convex Polygon (MCP), 186 and (2) fixed-Kernel (KE) with a least squares crossvalidation smoothing parameter (Harris et al. 1990 , Powell 2000 . A 95% isopleth was used to estimate KE home range, and a 50% isopleth was used to calculate core-area. Data were analysed using the software program Animal Movement (Hooge and Eichenlaub 1997) . Home range analyses may have contained statistically auto-correlated data. However, fixes were thought to be biologically independent, because a time period of 45 minutes was sufficient to allow any radio-collared animal to traverse its entire home range. Following Powell (1987) and Goodrich and Buskirk (1998) , we assumed that potential problems of serial auto-correlation were minimal, because individual movements were likely to depend upon past experience and knowledge of resources within the home range. MCP home range asymptotes were checked by randomly removing fixes from the data set of each animal and plotting home range against number of fixes. The scaled cumulative weibull function (Bailey and Dell 1973) was then fitted to the data from each animal separately, using non-linear least-squares optimisation (Gauss-Newton method, PROC NLIN, SAS Institute Inc. 1989) to determine the MCP asymptotic home range. Interand intraspecific differences in home range size were tested with a general linear model procedure (PROC GLM) using SAS (SAS 1990) . Before modelling, data were tested for normality and heteroscedasticity of variances by plotting residuals. MCP, 95% KE and 50% KE estimates were normalised using square-root transformations. Tukey-Kramer tests were used to make multiple comparisons within and between species.
RESULTS
Data set
Data sets used to calculate home range contained between 128 and 256 fixes per animal. The use of unequal data sets is not ideal because, theoretically, more data can result in larger home ranges (Harris et al. 1990; White and Garrott 1990) . However, results from modelling MCP home range against number of fixes showed that data from all 18 animals had reached an asymptote. The estimated asymptotic MCP home range was 65 ± 31 ha (mean ± s.d.) M. r. rufogriseus (n = 6), 22 ± 11 ha for T. billardierii (n = 6) and 41 ± 22 ha for Tr. v. fuliginosus (n = 6). Home range data are summarised by species and sex in Table 1 . MCP home range results for each species (Table 1) reflected estimated asymptotic MCP home ranges shown above.
Inter-and intra-specific differences in home range
Results from the GLM showed significant species, sex and species x sex effects for most variables (Table 2) . Multiple comparison tests showed that M. r. rufogriseus had larger MCP home ranges than T. billardierii (P = 0.0176), and larger KE home ranges and core areas than both T. billardierii (P = 0.0002 and 0.0004), and Tr. v. fuliginosus (P = 0.0067 and 0.0071). Intersexual differences in home range and core area were only detected for M. r. rufogriseus (MCP: P = 0.0210, 95% KE: P = 0.0001, and 50% KE: P = 0.0013). Male T. billardierii tended to have larger home ranges than females (95% KE: P = 0.0821). Locations of each animal's KE home range are shown in Fig. 2 . The KE home ranges were amoeboid in shape, with 1 -4 discrete segments. Core areas (not shown) were generally located within the centre of the KE home range, with 1-2 discrete segments. Strong asymmetry was detected for one Tr. v. fuliginosus (#01).
DISCUSSION
Home range size, interspecific differences and body mass
Home range size reached asymptote within the 100 - 200 fixes recommended for the MCP method (Bekoff and Mech 1984) . As expected, MCP estimates were generally larger than KE estimates because the former uses boundaries to estimate home range, while the latter uses probability density functions to identify areas of concentrated use. M. r. rufogriseus had larger home ranges than T. billardierii, reflecting their difference in body mass. Other factors being equal, this result was expected as larger home ranges can presumably support the greater energetic requirements of larger animals. A positive relationship between body mass and home range size has previously been reported for northern hemisphere mammals (McNab 1963) and eutherian herbivores (Harestad and Bunnell 1979) . This relationship is less clear for Australian macropodoid marsupials, however, where large intraspecific differences in home range size between studies has been attributed to differences in habitat quality between locations (Norbury et al. 1989; Fisher and Owens 2000) . The home ranges of Tr. v. fuliginosus were larger than anticipated. Given their small body mass Tr. v. fuliginosus were expected to have the smallest home range, but their MCP estimates were intermediate between T. billardierii and M. r. rufogriseus (see Table 3 ). This result suggests that for Tr. v. fuliginosus, the landscape represented a relatively poor quality environment. This conclusion is further supported by the regional density estimates of 0.26 and 1.46 animals ha -1 for M. r. rufogriseus and T. billardierii, compared with a very low 0.04 animals ha -1 for Tr. v. fuliginosus (le Mar 2002) .
Species
Comparisons with other studies
Female M. r. rufogriseus MCP home ranges (33 ha) were considerably smaller at our study site at Surrey Hills than estimates reported by Mooney and Johnson (1979) at a forest/pasture site in Tasmania (130 ha, n = 3). In addition to being large, Mooney and Johnson (1979) (1977), due to the methods used for estimating animal locations (biangulation of bearings collected nonsimultaneously and on foot). If not, small T. billardierii home range within the present study may reflect high environment quality and habitat spatial organisation at this site, as discussed above for M. rufogriseus. As T. billardierii is extinct on the mainland of Australia, the only telemetry study for comparison comes from Johnson's (1980) work on the red-necked pademelon T. thetis, a similar sized species, at a forest/pasture site in NSW. Johnson's (1980) home range estimates (female: 10.5 ha (n = 3) and male: 15.9 ha (n = 5)) were similar to those found for T. billardierii at Surrey Hills. Data may not be comparable, however, because Johnson's (1980) locations were estimated from biangulated bearings collected up to 15 min apart, for periods as short as one month.
188 Trichosurus v. fuliginosus MCP home ranges at Surrey Hills (female: 47.1 ha and male: 23.1 ha) were considerably larger than those reported by Hocking (1981) in 80-year-old Tasmanian rainforest (female: 4.2 ha (n = 20) and male: 7.0 ha (n = 17)). This difference may reflect poorer quality habitat at Surrey Hills, and is supported by differences in population density found at the two sites; 0.04 ha -1 (le Mar 2002) and 0.31 ha -1 (Hocking 1981), respectively. It should be noted that Hocking (1981) used trapping methods to estimate home range size, and trapping has been shown to underestimate values determined by radio-telemetry methods by 50%, over a one year period (Ward 1978). However, even if Hocking's (1981) values are doubled, home range estimates are still substantially smaller than those reported within the present study.
Intersexual differences in home range size
In the Macropodoidea, males commonly have larger home ranges than females (Croft 1989) ; M. r. rufogriseus and T. billardierii at Surrey Hills also fit this pattern. Larger home range of males is thought to reflect larger body weight in sexually dimorphic species and a polygynous mating system, as wideranging males increase their number of sexual encounters (Croft 1989; Jarman 1991) . Home ranges of male and female possums were of a similar size within the present study. This is inconsistent with previous studies (Dunnet 1964; Ward 1978; Hocking 1981; Hynes 1999) . Results for the population at Surrey Hills, however, could be an artefact of low male sample size (n = 2). Additionally, female home range at this site may be exceptionally large. Comparisons between MCP and KE home ranges of males and females suggest that although they had similar areas of 'high use', females occasionally forayed beyond these areas, and these movements greatly inflated their MCP estimate ( Table 2 ). The reason for these forays is unclear, but may reflect exploration for food.
